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OBJECf IVE — Type 1 diabetes is associated with increased platelet reactivity. We investigated 
whether a-lipoic acid (ALA) has any effect on platelet reactivity in these patients. 

RESEARCH DESIGN AND METHODS— We randomly assigned 51 type 1 diabetic 
patients to ALA (600 mg once daily) or placebo for 5 weeks. Platelet reactivity was evaluated 
by the PFA-100 method and by measuring CD41 and CD62 platelet expression. C-reactive 
protein (CRP) and 8-iso-prostaglandin F2a serum levels also were measured. 

RESULTS — Baseline variables were similar in the two groups. After treatment, closure time was 
longer (P = 0.006) and CD62P platelet expression was lower, both before (P = 0.002) and after 
(P = 0.009) ADP stimulation in the ALA group compared with the placebo group. CRP and 8-iso- 
prostaglandin F2ct levels showed no differences between the two groups. 

CONCLUSIONS — Our data show that ALA reduces measures of platelet reactivity ex vivo in 
type 1 diabetic patients, independently of antioxidant or anti-inflammatory effects. 



Type 1 diabetes is associated with the 
increased risk of cardiovascular dis- 
ease (1). Higher platelet reactivity has 
been reported in diabetic patients (2,3). 
ct-Lipoic acid (ALA) acts as a cofactor in 
multienzyme complexes, including pyru- 
vate dehydrogenase and branched-chain 
ketoacid dehydrogenase, and is licensed 
for treatment of symptomatic diabetic neu- 
ropathy (4,5). Recent studies have sug- 
gested that ALA has anti-inflammatory 
and antioxidant proprieties (6-8) that 
might eventually improve platelet function. 

RESEARCH DESIGN AND 
METHODS — We performed a random- 
ized, double-blind, placebo-controlled pilot 
study to assess whether ALA has any effects 
on platelet reactivity, oxidative stress, and 
inflammation in type 1 diabetic patients. 
We enrolled 51 type 1 diabetic patients 
without any evidence of cardiovascular 
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disease on full noninvasive clinical investi- 
gation, which included the maximal exer- 
cise stress test to exclude ischemic heart 
disease. Patients taking antiplatelet drugs 
were excluded. After obtaining informed 
written consent, patients were randomly 
assigned to receive ALA (600 mg once daily; 
n = 26) (4,5) or placebo (n = 25) for 5 weeks. 
The study complied with the Declaration of 
Helsinki and was approved by the institu- 
tional review board of our institution. 

Blood samples were drawn at baseline 
and after treatment in the early morning, 
before insulin administration, and in a 
fasting state. Blood was collected in lith- 
ium fluoride for plasma glucose estimation, 
lithium heparin for lipid fraction analysis, 
and EDTA for hemochrome evaluation. 
Three milliliters of blood were collected 
into a tube filled with a 0. 129 mol/L (3.8%) 
trisodium citrate solution (vacuette; Greiner 
Bio-One, Monroe, NC) and assayed within 



1 h. An aliquot of 800 |juLwas used to assess 
platelet reactivity to collagen/ADP by the 
PFA-100 method (Dade Behring, Milan, 
Italy), in which a shorter closure time 
indicates a greater platelet aggregability 
(9,10). Another aliquot was used within 
10 min of collection to prepare samples for 
flow cytometry analyses (FACScan; Becton 
Dickinson). Blood aliquots were incubated 
with ADP (final concentration 10~ 7 mol/L) 
and with saturating concentrations of the 
fluorescein isothiocyanate-conjugated 
CD41 (GP lib) and phycoethrin-conjugated 
CD62 (P-selectin) monoclonal antibodies 
(Becton Dickinson, Milan, Italy) (11,12). 

Serum C-reactive protein (CRP) was 
measured by immunonephelometric as- 
say (N Latex CRP mono; Dade Behring, 
Manburg, Germany). Serum 8-iso- 
prostaglandin-F2ct levels were measured 
by a competitive enzyme-linked immu- 
noassay (OxiSelect 8-iso-prostaglandin 
F2a; Cell Biolabs, San Diego, CA) (13), 
with the results expressed as natural log- 
arithm of values. 

Statistical analysis 

Continuous and categorical variables were 
compared by the unpaired t test and Fisher 
exact test, respectively. Within-group 
changes were assessed by the paired t test. 
SPSS version 17.0 statistical software was 
used for analysis. Data are reported as 
means ± SD. A P < 0.05 was required 
for statistical significance. 

RESULTS — There were no significant 
differences between the two groups in age, 
sex, and in the main clinical and laboratory 
parameters (Supplementary Table 1). Drug 
therapy also was similar in the two groups 
and remained unchanged during the period 
of the study. 

Data of platelet reactivity are summa- 
rized in Table 1 . Before treatment, there were 
no differences between the two groups in clo- 
sure time value and flow cytometry varia- 
bles. After 5 weeks of treatment, closure 
time was longer in the ALA group compared 
with the placebo group (P = 0.006) as a re- 
sult of a significant prolongation, compared 
with the pretreatment value, in the former 
(P < 0.001) but not in the latter group. 

CD41 platelet expression did not differ 
between the two groups at baseline and 
after ADP stimulation, both before and after 
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Table 1 — Main results of outcome variables 







Pretreatment 






Posttreatment 








ALA group 


Placebo group 


P 


ALA group 


Placebo group 


P 


P for changes* 


Closure time (ms) 


94 ± 14.4 


98 ± 15.4 


0.43 


107 ± 11.8f 


96 ± 15.2 


0.006 


<0.001 


Baseline 


199 ± 78.2 


191 ± 58.5 


0.72 


184 ± 70.3 


200 ± 53.1 


0.38 


<0.001 




CD62P (MFI) 


ADP 


26 ± 4.8 


26 ± 4.5 


0.61 


24 ± 5.2t 


28 ± 4.8 


0.009 


<0.001 


CRP (mg/dL) 


1.0 ± 0.5 


1.1 ± 0.8 


0.99 


2.0 ± 1.0 


2.2 ± 1.5 


0.71 


0.40 


8-Iso-PG F2a QnUI/L) 


10 ± 1.0 


11 ± 1.3 


0.65 


11 ± 2.0 


11 ± 1.03 


0.85 


0.19 



Data are means ± SD. 8-Iso-PG F2 a, 8-iso-prostaglandin F2 a. MFF mean fluorescence intensity. *P for between-group comparisons of percentage changes of 
variables after treatment compared with pretreatment (see Supplementary Table 2 for values). fP values <0.001 for comparisons vs. pretreatment values within the 
group. 



treatment; however, there was a significant 
difference in CD41 changes, both at base- 
line and in response to ADP, between the 
two groups as a result of a significant 
reduction in the ALA group but not in the 
placebo group (Supplementary Table 2). 
CD62P platelet expression, on the other 
hand, was significantly lower in the ALA 
group compared with the placebo group, 
both before (P = 0.002) and after (P = 
0.009) ADP stimulation, also showing a sig- 
nificant reduction after treatment in the 
ALA group (P < 0.001 for all) but not in 
the placebo group (Supplementary Table 
2). CRP and serum 8-iso-prostaglandin 
F2a levels did not differ between the two 
groups before and after treatment, showing 
no changes, compared with pretreatment 
values, in either group. 

CONCLUSIONS— Our study shows, 
for the first time, that 5-week treatment 
with ALA reduced platelet activation in 
type 1 diabetic subjects. We failed, how- 
ever, to find any effect on oxidative state, as 
assessed by changes in 8-iso-prostaglandin 
F2ct plasma levels after 5 weeks of treat- 
ment, suggesting that the effect on platelet 
function of ALA did not depend on oxida- 
tive stress. Why we failed to find evidence 
of the antioxidant effect of ALA is not clear. 
8-Iso-prostaglandin F2ct might not have 
been the ideal oxidative stress marker; al- 
ternatively, ALA might not have significant 
effects on the oxidative state in vivo, in con- 
trast with the evidence acquired in vitro 
(6-8). We also did not observe any signif- 
icant effect by ALA on CRP levels, suggest- 
ing that its effect on platelet function also 
was not related to a reduction of inflamma- 
tion. Thus, the mechanisms of the antiplatelet 
property of ALA remain to be elucidated. Of 
note, a possible direct inhibitory effect 



on platelet function by ALA, through cyclo- 
oxygenase-1 inhibition (14), recently has 
been reported. In conclusion, our data 
show that ALA may have significant anti- 
platelet effects; additional studies, however, 
are needed to elucidate the potential clini- 
cal benefit of ALA treatment. 



Acknowledgments — No potential conflicts of 
interest relevant to this article were reported. 

R.M., G. Scavone, P.R., E.P.N. , A.M., andD.P. 
performed the patient selection and collected 
data. F.Z. and G. Scalone analyzed the data and 
wrote the draft of the manuscript. G.A.L. ana- 
lyzed the data, approved the final version of the 
manuscript, and is the guarantor of the article. 
G.G. and F.C. performed critical review of the 
manuscript. All authors have read and approved 
the final version of the manuscript. 



References 

1. Larng SP, Swerdlow AJ, Slater SD, et al. 
Mortality from heart disease in a cohort of 
23,000 patients with insulin-treated di- 
abetes. Diabetologia 2003;46:760-765 

2. Davi G, Ciabattoni G, Consoli A, et al. In 
vivo formation of 8-iso-prostaglandin 
f2alpha and platelet activation in diabetes 
mellitus: effects of improved metabolic 
control and vitamin E supplementation. 
Circulation 1999;99:224-229 

3. Ferreiro JL, Gomez-Hospital JA, Angiolillo 
DJ. Platelet abnormalities in diabetes 
mellitus. Diab Vase Dis Res 20 10; 7:251- 
259 

4. Jin HY, Joung SJ, Park JH, Baek HS, Park TS. 
The effect of alpha-lipoic acid on symptoms 
and skin blood flow in diabetic neuropathy. 
Diabet Med 2007;24: 1034-1038 

5. Ziegler D, Ametov A, Barinov A, et al. Oral 
treatment with a-lipoic acid improves 
symptomatic diabetic polyneuropathy: the 
SYDNEY 2 tnal. Diabetes Care 2006;29: 
2365-2370 



6. Maritim AC, Sanders RA, Watkins JB 3rd. 
Effects of alpha-lipoic acid on biomarkers of 
oxidative stress in streptozotocin-induced 
diabetic rats. J Nutr Biochem 2003; 14:288- 
294 

7. Heitzer T, Finckh B, Albers S, Krohn K, 
Kohlschutter A, Meinertz T. Beneficial ef- 
fects of alpha-lipoic acid and ascorbic acid 
on endothelium-dependent, nitric oxide- 
mediated vasodilation in diabetic patients: 
relation to parameters of oxidative stress. 
Free Radic Biol Med 2001;31:53-61 

8. Ghibu S, Lauzier B, Delemasure S, et al. 
Antioxidant properties of alpha-lipoic acid: 
effects on red blood membrane permeabil- 
ity and adaptation of isolated rat heart to 
reversible ischemia. Mol Cell Biochem 
2009;320:141-148 

9. Scalone G, Lanza GA, Sgueglia GA, et al. 
Predictors of exercise-induced platelet 
reactivity in patients with chronic stable 
angina. J Cardiovasc Med (Hagerstown) 
2009;10:891-897 

10. Sestito A, Sciahbasi A, Landolfi R, Maseri 
A, Lanza GA, Andreotti F. A simple assay 
for platelet-mediated hemostasis in flowing 
whole blood (PFA-100): reproducibility 
and effects of sex and age. Cardiologia 
1999;44:661-665 

11. Scalone G, Coviello I, Barone L, et al. 
Evidence of increased platelet reactivity in 
the first six months after acute ST segment 
elevation myocardial infarction. Thromb 
Res 2011;128:174-178 

12. Lanza GA, Barone L, Scalone G, et al. 
Inflammation-related effects of adjuvant 
influenza A vaccination on platelet acti- 
vation and cardiac autonomic function. 
J Intern Med 2011;269:118-125 

13. Wang Z, Ciabattoni G, Creminon C, et al. 
Immunological characterization of urinary 
8-epi-prostaglandin F2 alpha excretion in 
man. J Pharmacol Exp Ther 1995;275:94- 
100 

14. Lai YS, Shih CY, Huang YF, Chou TC. 
Antiplatelet activity of alpha-lipoic acid. 
J Agnc Food Chem 2010;58:8596-8603 



care . diabe tesj oumals . org 



Diabetes Care, volume 35, February 2012 



197 



